The metabolism of inositol phospholipids has been a topic of considerable interest for many years, ever since Hokin & Hokin (1953) showed that a change in phospholipid turnover was detectable in acetylcholine-stimulated exocrine pancreas. The structure of the inositol lipids, and the properties of the enzymes which metabolize them, have been reviewed many times (for example, Michell, 1975; Irvine, 1982; Downes & Michell, 1985) . On cell stimulation, the predominant reaction which occurs is the phosphodiesteratic hydrolysis of inositol lipids to yield diacylglycerol, itself a second messenger which stimulates protein kinase C (Nishizuka, 1984), and a variety of inositol phosphates. Until recently it was thought that only four of these inosito1 phosphates would be formed, InslP, Ins(l,4)P2 and Ins( 1,4,5)P,, from the corresponding three inositol lipids, and later Ins( 1,2 cyc)P was shown to result from phosphodiesterase attack on PtdIns (Dawson et al., 1971); a brief career of the latter compound as a hypothetical second messenger was more or less ended by Freinkel & Dawson in 1973. There things remained until the 1980s, and it is to the recent prolification of known inositol phosphates, and to their possible second messenger functions, that this short summary is addressed. Essentially there are three areas of interest and expansion.
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The second messenger function and specific catabolism of Ins( 1 ,4,5)P3 is the principal advance made which has brought inositol phosphates to widespread attention. Although Ins(1,4,5)P, had been known to be formed in stimulated cells (e.g. Abdel-Latif & Akhtar, 1980) , it was Michell et al. (1981) who suggested that this reaction [i.e. the phosphodiesteratic hydrolysis of PtdIns(4,5)P2] may be the primary receptor-controlled event. The following year, Downes et al. (1982) demonstrated the existence of a specific Ins( 1,4,5)P, phosphatase in human red cell membranes.
Abbreviations used: Insf,, Insf,, Insf,, Insf,, Insf,, inositol his-, tris-, tetrakis-, pentakis-, hexakis-phosphates respectively; Ins1 f , inositol 1-phosphate, Ins(1 ,3)P2, inositol 1,3-bisphosphate; Ins( 1,4)f, inositol I,4-bisphosphate; Ins(3,4)f2, inositol 3,4-bisphosphate; Ins( 1,3,4)f,, inositol 1,3,4-trisphosphate; Ins(1,4,5)f,, inositol 1,4,5-trisphosphate; Ins( I,3,4.5)f4, inositol 1,3,4,5-tetrakisphosphate; Ins( 1,2. cyc)P, inositol 1,2(cyclic) phosphate; Ins(1,2 cyc 4,5)f2, inositol I ,2(cyclic)-4,5-trisphosphate; Ins( 1,2 cyc 4,5)f,, inositol 1,2(cyclic)-4,5-bisphosphate; Ptdlns, phosphatidylinositol; PtdIns4P, phosphatidylinositol4-phosphate; PtdIns(3,4)P2, phosphatidylinositol 3.4-hisphosphate; PtdIns(4,5)P,, phosphatidylinositol 4.5-bisphosphate; PtdIns(3,4,5)P,, phosphatidylinositol 3,4,5-trisphosphate. This is an important observation because although the known structure of PtdIns4P (Tomlinson & Ballou, 1961) dictated that any InsP, formed from that lipid was Ins( 1,4)P,, there was no reason to suppose that the same InsP, would be the product of Ins( 1,4,5)P, metabolism, and the existence of a specific and active enzyme removing the 5-phosphate from Ins(1,4,5)P, was in itself indirectly suggestive of a function for that molecule.
The experimental demonstration of the rapid production of Ins(1,4,5)P3, and so the specific suggestion of its second messenger function, was first made by Berridge (1 983) in blowfly salivary glands, and similar observations were made in GH, cells by Rebecchi & Gershengorn (1983) , Martin (1983) and Drummond et al. (1984) . The ability of Ins( 1,4,5)P, to mobilize Ca2+ from intracellular stores has been reviewed by Berridge & Irvine (1984) and Berridge (1986) and will not be discussed further here. Suffice to say that the role of lns(1,4,5)P, as a second messenger whose function is to mobilize Ca2+ from the endoplasmic reticulum, is now well established.
The second area of recent interest in inostiol phosphates concerns the possibility of a cyclization of the 1-phosphate to the 2-hydroxyl not only in l n s l P [to form lns(1,2 cyc)P; see Dawson et al., 19711, but also in Ins(l,4)P2 and Ins( 1,4,5)P, [yielding Ins( 1,2 cyc, 4)P, and Ins( 1,2 cyc 4,5)P, respectively]. Wilson et al. (1 9854 showed that PtdIns(4,5)P2 phosphodiesterase produced some Ins( 1,2 cyc 4,5)P2 when hydrolysing its substrate, and have also shown that this is probably catabolized by sequential removal of the 5-and 4-phosphateq i.e. that the 1,2 cyclic bond is only hydrolysed in the monophosphate (Conolly et al., 1986) , probably by the Ins( 1,2 cyc)P phosphodiesterase originally described by Dawson & Clarke (1 972) . Ins( 1,2 cyc 4,5)P, will mobilize Ca2+ from intracellular stores (Wilson et al., 1985b) , but the most interesting observation concerning this compound is that it apparently has physiological effects distinct from Ins( 1,4,5)P, on injection into Limulus photoreceptors (Wilson et al., 19856) . This has led to the idea that it may have entirely distinct functions. That may prove to be so, but I feel that it is difficult to interpret quantitatively effects of the rapid injection of high concentrations of a physiologically active compound into a rapidly responding tissue, and as yet any function, other than as an adjunct to Ins( 1,4,5)P, as a Ca2+ mobilizer, is hypothetical. As yet we lack definitive evidence that Ins( 1,2 cyc 4,5)P, is actually produced in stimulated tissues, and the whole question of the importance of the cyclic forms of inositol phosphates is still wide open.
The third complication in the inositol phosphate story is the discovery of the InsP,/InsP, pathway, and the presence of higher inositol phosphates in mammalian tissues. The 619th MEETING. CAMBRIDGE existence of another pathway of inositol phosphate metabolism was entirely unsuspected until the discovery of a second Insf,, lns(1,3,4)P, (Irvine et a/.. 1984) . with a metabolic behaviour entirely different from Ins( 1,4,5)f (Irvine et ul., 1985; Burgess et a/. 1985) . N o putative Ptdlns(3,4)P2 precursor could be detected (Burgess ct a/., 1985; lrvine et al., 1985) and the need for it disappeared when Ins(1,3,4,5)f4 was found to exist, which could be rapidly converted by (apparently) the same enzyme as Ins( 1,4,S)f, phosphatase in human red cell membranes, into lns(1,3,4)f, (Batty et u/., 1985) . Again. a search Ihr a PtdIns(3,4,S)f, precursor was unsuccessful (Batty et a/., 1985; Hawkins et a/., 1986) and was made unnecessary by the discovery of Ins( I ,4,S)f, 3-kinase in rat brain (lrvine et d., 1986) confirmed in liver (Hansen et a/., 1986) and parotid.
The subsequent catabolism of Ins( 1,3,4)P, is under study in several laboratories, and although Ins(3.4)P2 definitely exists in GH, cells (R. F. Irvine, J . P. Heslop & M. J . Berridge, unpublished work) and parotid (P. H. Hawkins. A. Morris & C. P. Downes, personal communication) . there may also be lns(1,3)Pz present, and the Insf,/lnsP, pathway may therefore emerge as being rather complicated further downstream. The same, incidentally, is true of the metabolism of Ins(1,4)f2, which proceeds by two routes (see Michell, 1986). As well as being dephosphorylated to Ins( 1,3,4)f ,, Ins( 1 ,3,4,S)f4 may also be phosphorylated further, because InsP, and Insf, have now been found to exist in mammalian cells (Heslop et a/.. 1985) . In short, we may be in for a period during which inositol phosphate metabolism will appear to be of baroque complexity; with luck the picture will simplify with more information about more tissues. I t is possible that 1.2 cyclic intermediates of the Insf,/lnsf, pathway also exist (Irvine r t d.. 1986) as Ins( 1,2 cyc 4 3 4 can be phosphorylated in the 3-position. However, subsequent observations (C. P. Downes. personal communication; P. W. Majerus. personal communication) have shown lns(1,2 cyc 4,5)P, to be an exceedingly poor substrate for Ins( 1,4,5)f, 3-kinase, and at present we can probably be sure that cyclic intermediates of the InsP,/lnsf, pathway are therefore unlikely to exist in significant quantities.
Whatever the complications of inositol phosphate metabolism, the remarkably high activity and specificity of Ins(1,4,5)P, 3-kinase (Irvine et a/., 1986) , allied with the rapid appearance (Batty et a/.. 1985; Hawkins et a/.. 1986) and disappearance (Hawkins et a/., 1986) of Ins( 1,3.4,S)f,. suggest very strongly a function for the InsP,/lnsP, pathway. Either it acts as an adjunct to Ins( 1.4,5)P, phosphatase as an inactivating mechanism [(Ins I ,3,4,5)P, is inactive at least up to I O~M as a Ca'+ mobilizer; R. F. lrvine & M. J. Berridge unpublished work] , or either Ins( 1,3.4,S)P4 or Ins( 1,3.4)f, (or both) have second messenger functions. The slow metabolism of Ins(1,3,4)P, Burgess ct a/.. 1985) combined with the effects of Lit (for references see Berridge & Irvine, 1984) have led to the enticing idea that Ins( 1,3,4)f , mediates more long-term effects involved in.
for example, mitogenesis (Berridge & Irvine, 1984; Berridge ef d., 1985) . The metabolism of Ins(1,3,4,S)P,, being much more rapid, suggests a more immediate role in cell function. The most likely candidate is at first sight the still enigmatic control of Ca" entry through the plasma membrane (Irvine, 1986) . The link between inositides and Ca'+ entry (Michell, 1975 ) is still unknown, and the possibility that lns(1.3,4,S)f4 is that link is a very attractive one. So far attempts to get Ins( I.3.4,5)P4 to act on plasma membrane preparations have not met with success, but one would expect Ca2+ entry to be very finely controlled (because of its potentially lethal effects if out of control), and it may be that this effect will be more difficult to detect than the easily demonstrable phenomenon of Ca" mobilization from the endoplasmic reticulum by Ins( 1,4,S)P,. Knowing the route of synthesis of these novel inositol phosphates has enabled us now to prepare them in sufficient quantities to explore their biological activity, and it is to be hoped that in the near future we might get some answers as to why inositol phosphate metabolism is so complicated.
